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(54) WELDED PIPE AND PIPE WELDING METHOD 

(57) A bonded pipe produced by using the liquid 
phase diffusion process in which the pipe ends of pipes 
to be bonded are butted with an insert material lower in 
melting point than the pipe material against each other, 
wherein the thickness is increased in such a manner 
that the outside diameter of the butted portion is 
expanded and the inside diameter thereof is reduced. A 
method for bonding pipes in which pipe ends of the 
pipes are butted through an insert material lower in 
melting point than the pipe material against each other, 
and the butted portion is heated to and held at a holding 
temperature higher than the melting point of the insert 
material, whereby the insert material is diffused in liquid 
phase into the pipe material, characterized in that at the 
time point when the outer pipe lace temperature of the 
above-mentioned butted portion reaches a value which 
is not less than the A 1 critical temperature of the pipe 
material and not more than the holding temperature in 
the process for raising the temperature of the pipe mate- 
rial, the application of a pressure in the pipe axial direc- 
tion capable of plastically deforming the butted portion 
to the above-mentioned butted portion is started to 
increase the thickness of the butted portion. 
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Description 

Field of the Invention 

5 The present invention relates to a bonded pipe produced by butting end faces of pipes against each other so as to 
be bonded, and to a method of bonding the pipes by the liquid phase diffusion bonding process. 

Description of Related Art 

10 Heretofore, there has been known the liquid phase diffusion bonding process as a method of butting and bonding 
end faces of materials such as steel bars and steel pipes in which an insert material such as an amorphous metal lower 
in melting point than materials to be bonded is interposed between end faces to be bonded, and the end faces are 
butted; the butted portion is heated to be raised in temperature higher than the melting point of the insert material, for 
example, about 1 100-1300°C (depending on the melting point of the insert material); and then the portion is kept at the 

is temperature for a predetermined time so that the element of the melted insert material is diffused into the material to 
be bonded, thereby bonding the pipes to each other. Compared with the gas pressure welding process, this liquid 
phase diffusion bonding process performs bonding at a lower working temperature and at a smaller applied pressure, 
so that the method is characterized in that a secure bonding is performed without involving a large deformation in the 
bonded portion. 

20 Generally in the liquid phase diffusion bonding process, the butted portion is heated in a state that an initial load is 
applied to the portion, and when a specified temperature is reached so that the element of the insert material is dif- 
fused, the load applied to the butted portion is allowed to be lowered, thereby preventing an excessive deformation. 
However, also in the liquid phase diffusion bonding process, when utilized for the connection of line steels such as steel 
bars, ft may be desirable that a large pressure is applied to the bars in the axial direction in order to prevent a mismatch, 

25 so that the bars are compressed, thereby increasing the thickness of the butted portion, ft is considered that increasing 
the butted portion needs to apply an compression force larger than the initial load when a specified temperature for the 
liquid phase diffusion bonding is reached at which the butted portion is in a plastic deformation-prone state. 

Then, the application of this process to the solid material such as steel bars caused the periphery of the butted por- 
ti n to develop an increased thickness. This allowed the contact of the end faces with each other to become secure, 

30 and the scraping/finishing to be performed without developing an insufficient wall thickness, thereby eliminating a dis- 
location. 

As a method of increasing thickness securely, there have been proposed a method of making larger initial load than 
prior art (Japanese Patent Application Lad-Open No. 2-75478 (1990), Japanese Patent Application Laid-Open No. 3- 
71950 (1991)), a method of making larger initial load and performing arc welding at temperature higher than melting 

35 point of insert material (Japanese Patent Application Laid-Open No 5-220585 (1 993)), and a method of making larger 
initial load and applying further pressure during holding temperature after specified temperature is reached (Japanese 
Patent Application Laid-Open No. 6-277859 (1994)). 

On the other hand, for the bonding of steel pipes, ft is an essential subject that the rupture strength of the butted 
portion (hereinafter called the joint strength) is made larger than the rupture strength of the base metal of steel pipes 

40 (hereinafter called the base metal strength). In order to increase the joint strength by increasing bonding area on the 
butted portion, the present inventors tried to bond steel pipes by the use of the above-mentioned method of increasing 
thickness of steel bars, that is, a method in which a large compression force is applied to the steel pipes when a spec- 
ified temperature for the liquid phase cfiffusion bonding is reached at which the butted portion is in a plastic deformation- 
prone state. Contrary to expectations, as shown in FIG. 1 , it was found that the pipe wall thickness t 1 of the butted por- 

45 tion 2 of the steel pipes 1 was increased a little compared with the original pipe wall thickness (the pipe wall thickness 
at a portion not heated) to, while both the inside diameter and the outside diameter were expanded to develop an 
expanded pipe deformation in a broad-brimmed shape. 

Such expanded pipe deformation is considered to occur by the following reason. That is, although steel pipes are 
apt to deform in the pipe diameter direction, the heat at the butted portion is conducted in the pipe axial direction to form 

so a gentle temperature gradient with the bonded face taken as a peak point and a signif icant length in the pipe axial direc- 
tion is in a plastic deformation-prone state. This weakens an effect that the peripheral portion having a lower tempera- 
ture and a higher rigidity than the butted portion restrains the butted portion at a high temperature from being plastically 
deformed in the pipe diameter direction, whereby the peripheral portion is deformed before the butted portion is com- 
pression deformed. The temperature distribution in the steel pipe section at this time is shown in FIG. 2. As shown in 

55 FIG. 2, the isothermal line is a gentle curve, and when a compression force P in this state is applied, a force P m toward 
the high temperature side perpendicular to the gentle curve, that is, to the outside is exerted. In this way the steel pipes 
are considered to develop an expanded pipe deformation as shown in FIG. 1 . 

In the butted portion developing significantly the expanded pipe deformation as shown in FIG. 1 , the bending rigidity 
increases, while the bending moment acts on the bonded portion at the time of joint tensile test so that the interface 
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(bonded face) fractures before the base metal fractures. That is, the joint strength is lower than the base metal strength. 
The bonded portion becomes a stress concentration place and also a breakage starting point when in use. Grinding/fin- 
ishing the outer face causes the wall thickness to become insufficient and thus strength to be lowered. In this way, sim- 
ply applying of pressure in a plastic deformation-prone state to improve the joint strength of steel pipes causes rather 

5 the joint strength to be lowered. Therefore it is very important for hollow steel pipes to increase the wall thickness in a 
mann r not to lower the joint strength. 

The present invention has been made to solve such problems and in view of such demands, and it is an object of 
the invention to provide a bonded pipe having a high joint strength. 

In the case where the pipe ends of steel pipes and the like are bonded to each other by the liquid phase diffusion 

10 bonding process, it is another object of the invention to provide a method of bonding pipes in which the butted portion 
bonded can be increased in the wall thickness by 10% or more in such a manner that an expansion of the inside diam- 
eter is hardly brought, for example, the expansion ratio of the inside diameter is limited to 1% or less. 

Summary of the Invention 

15 

The present inventors concentrated their effort on the study to solve the above-mentioned problems, with the result 
that they found the following facts. That is, when the narrow area of the butted portion is rapidly heated by the induction 
healing process, a steep temperature gradient with the bonded lace of the butted portion taken as a peak point is 
formed midway through temperature rise, so that only the narrow area becomes a plastic deformation-prone state. 

20 When a large compression force is applied to develop a plastic deformation in a short time in that state, the low-tem- 
perature area adjacent to the narrow high-temperature area is large in the restraint in the pipe diameter direction, so 
that the plastic deformation is concentrated only on the narrow area. Also, the isothermal line in FIG. 2 approaches the 
direction perpendicular to the pipe axis, so that force P m acting outward becomes small, and thus under a proper con- 
dition, the state that the force also acts inward can be obtained. This causes an increased wall thickness to be obtained 

25 in a state that an expansion deformation of the inside diameter is reduced and avoided, or in a state that the inside 
diameter is reduced. 

Considering that even when the outer face is scraped, a required wall thickness remains, and that the contact of 
butted faces with each other is made secure, and the contact area is made large to remarkably enhance the strength 
as a joint, it is preferable that the range of the thickness increase ratio (ft - to)/to) required for the pipe bonded portion 

30 is 1 0% or more. In order to obtain a sufficient joint strength, it is preferable that the reduction ratio of the inside diameter 
is -1% or more, that is, the expansion ratio of the inside diameter is 1% or less, or the inside diameter is reduced 

For bonded pipes in which the previously-beveled pipe ends have been bonded, to is assumed to be the thickness 
of the edge of the butted portion after being beveled, rather than the pipe wall thickness. Also in this case, an increased 
thickness by 10% or more provides a good effect. 

35 The method for bonding pipes in connection with the present invention in which an end of a pipe is butted with an 
insert material interposed, lower in melting point than the pipe material against each other, and the butted portion is 
heated to a temperature higher than the melting point of the insert material, whereby the element of the insert material 
is liquid phase diffused into the pipe material to bond the pipe ends to each other, is characterized in that at the time 
when the outer pipe face temperature of the above-mentioned butted portion reaches not lower than the A 1 critical tem- 

40 perature of the pipe material and not more than the holding temperature of the pipe material in the process for raising 
the temperature of the pipe material, the application of a pressure in the pipe axial direction capable of plastically 
deforming the butting portion to the same portion is started to increase the thickness of the butted portion. This causes 
the restraining force in the pipe diameter direction by the adjacent portion whose temperature does not reach an easy- 
to-plastic deformation value to act sharply in a narrow range, whereby a bonded structure can be obtained in which an 

45 increased thickness portion whose inside cfiameter is reduced, or hardly expanded (the inside diameter reduction ratio 
is -1% or more) is formed. 

When at least one of the outer face and inner face of the pipe end is previously beveled by an amount correspond- 
ing to the increased thickness to be obtained, and then the above-mentioned bonding is performed, the post-process 
for grinding the increased thickness portion can be omitted, or the amount of scraping can be reduced. 

so It is preferable that the heating length in the pipe axial direction of the above-mentioned butted portion is one to five 
times as thick as the pipe wall thickness. This allows a temperature gradient steeper than prior art to be formed in the 
pipe axial direction. Also, it is more preferable that the heating length is three times or less to prevent surely a deforma- 
tion involving an increased inside diameter. In view of the facility technology to obtain a required heating rate and a 
heating accuracy (an accuracy to avoid a dangerousness of separating the butted portion from the heating length), the 

55 practical lower limit of the heating length is equal to the pipe wall thickness, that is, one time. 

Further, it is preferable that the heating rate in the heating process of the above-mentioned butted portion is 20 to 
l00°C/second. In the case where the heating rate is 20°C/second or more, the annular heating portion can be raised in 
temperature over the equal heating trend in the pipe axial direction. Therefore, a steep temperature gradient in the pipe 
axial direction is obtained, and in this state, further temperature rise can be effected. The upper limit of the heating rate 
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is determined in view of facility economy. 

Still further, it is preferable that the above-mentioned applied pressure is 1 5 to 1 00 M Pa. Although the applied pres- 
sure force may be adjusted according to the plastic deformation resistance of the pipe material, temperature and apply- 
ing time of pressure, usually with 15 MPa or more, an increased thickness by 10% or more is obtained without an 

s expansion in pipe inside diameter. In the case where the applied pressure force exceeds 100 MPa, an unnecessary 
increased thickness may be formed, or an undesirable shape, for example, a sharply protruded increased thickness 
shape may be formed. Then, the bonded portion becomes a stress concentration place and also a breakage starting 
point when in use. Also in this case, a new problem develops that an amount of scraping increases. Further, in view of 
practical facility economy, it is preferable that the upper limit of the applied pressure force is 100 MPa. 

10 Further, it is preferable that the above-mentioned pressure is applied for 0.1 to 3 seconds. The pressure applying 
time depends on the plastic deformation resistance, the temperature and the applied pressure force. Although a longer 
pressure applying time allows the thickness to be increased even for a lower applied pressure force, a deformation in a 
broad-brimmed shape is apt to occur. On the contrary, although a shorter pressure applying time requires a large 
applied pressure force, the applied pressure force is concentrated on a high-temperature portion, so that the thickness 

is can be increased without developing a buckling. Therefore, it is preferable that the upper limit of the pressure applying 
time is within 3 seconds from the actual results of the plastic deformation in the butted portion. The lower limit thereof 
is about 0.1 second from the economical point of view. 

Still further, in the temperature rising process before and after above-mentioned pressure application, and in the 
temperate holding process, a pressure force of 1 to 10 MPa lower than the above-mentioned applied pressure force is 

20 applied in the pipe axial direction to the above-mentioned butted portion. This allows the mutual close contact of end 
faces to be butted before and after the thickness increase processing. That is. there can be followed a disturbance such 
as the generation and increase in a butting interference margin due to thermal expansion, or the reduction and loss in 
an interference margin associated with a hot yield in the butted portion. A secure contact requires a force of 1 MPa or 
more, and it is preferable that the force is 10 MPa or less so as not to develop an undesirable plastic deformation in a 

25 high temperature region. 

Still further, the heating to the above-mentioned butted portion can be performed by the induction heating process. 
This allows the annular portion including the butted portion to be concentratedly and rapidly heated in a narrow range; 
and because of the heating not by heat transfer, the heating can be performed at a speed much more rapidly than that 
at which the above-mentioned concentricity is relieved with time by the heat diffusion in the pipe axial direction. 

30 Still further, the heating by above-mentioned induction heating process employs a frequency of 5 to 50 kHz. In the 
induction heating, the higher the frequency is used, the more rapidly the temperature can be raised in a shallow place 
near the surface; and on the contrary, the lower the frequency is used, the more slowly the temperature can be raised 
in a deep place up to the back side (inner side). At less than 5 kHz, the above-mentioned heating rate cannot be 
obtained, and a steep temperature gradient in the pipe axial direction can not be obtained due to thermal conduction. 

35 At more than 50 kHz, the difference between the heating rate on the outer surface of the pipe and that on the inner sur- 
face is large, so that a desired temperature distribution may not be obtained. For the bonding of pipes (wall thickness 
of 2 to 40 mm) used for general piping, 5 to 50 kHz is preferably used. Therefore, the frequency to be used is preferably 
s lected appropriately according to the pipe wall thickness and a desired heating rate. The outer diameter of the pipe 
can be coped with by adjusting power source output regardless of frequency. 

40 Still further, the above-mentioned pressure application is started at a time when the outer surface temperature of 
the butted portion is not less than the A 1 critical point of the pipe material, not less than the melting point of the insert 
material, and is less than the holding temperature. The liquid phase diffusion bonding process is a bonding method by 
the constant temperature solidification associated with the diffusion of the insert material element so that the diffusion 
bonding phenomenon proceeds remarkably at not less than the melting point of the insert material, and the smaller the 

45 insert material is diffused, the shorter the time of the bonding is completed. Therefore, the compressing operation after 
melting of the insert material allows the insert material in a liquid state not required for bonding to be discharged from 
the bonded face, so that it is preferable that the compressing operation in the present invention is performed at not less 
than the melting point of the insert material. In order to prevent the oxidation of the bonded material due to heating, the 
bonding may be performed in an inert gas or nitrogen gas atmosphere in the temperature rising process and the tern- 

so perature holding process. 

Brief Description of the Drawings 

FIG. 1 is a typical sectional view showing the butted portion of a conventional bonded pipe; 
55 FIG. 2 is a typical enlarged view showing a temperature distribution of the butted portion at the bonding by a con- 
ventional process; 

FIG. 3 is a schematic sectional view for explaining a state that a method of the present invention is performed; 

FIG. 4 is a graph showing a temperature distribution occurring on the butted portion when bonded; 

FIG. 5 is a graph showing with time the temperature of the butted portion and the compression force applied in the 
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pipe axial direction when a method of the present invention is performed; 

FIG. 6 is a typical sectional view showing the butted portion of the bonded pipe obtained by embodying a method 
of the present invention; 

FIG. 7 is a graph showing a temperature distribution of the butted portion at the start of pressure loading in embod- 
5 i merits 1 and 2 and comparison examples 1 and 2; and 

FIG. 8 is a typical sectional view showing the butted portion of the bonded pipe obtained by embodying a method 
of the present invention. 

Description of the Preferred Embodiments 

10 

With reference to drawings showing embodiments, the present invention will be explained hereinafter. 

FIG. 3 is a sectional view showing schematically a state that a method of the present invention is performed. Pipes 
1 , 1 whose pipe ends are to be bonded to each other are steel pipes or other hollow metallic material used for piping, 
cylinders and so on, and not particularly limited for their sectional shapes (and sizes). The pipes 1 , 1 are held by clamps 
is 4, 4, respectively, and their pipe ends are butted through an insert material 3. As the insert material, an Fe-base or an 
Ni-base amorphous metallic material and the like can be illustrated. Disposed around the butted portion 2 is an induc- 
tion heating coil 5. The clamps 4, 4 are connected with a hydraulic mechanism (not shown) for exerting a desired com- 
pression force therebetween. 

Trie present invented method is basically such that the ends of the pipes 1 , 1 are butted through the insert material 
20 3, and the butted portion 2 is heated by the induction heating coil 5 to effect the liquid phase diffusion bonding, in which 
method a large compression force is applied midway through the temperature rise to increase the thickness. 

From point of element diffusion view, it is better that the thickness of the insert material 3 is thin to make the abso- 
lute amount less, and on the contrary, in that the adhesion between bonded faces is made higher by melting the insert 
material, the thicker thickness is better. Therefore, with these trade offs, the thickness is preferably selected according 
25 to the dimensions of end faces and degree of finishing or to applications with the heretofore proposed range 1 5 to 1 00 
jim taken as a guide. In the case where the bonded face is machined to a roughness R max £ 75 urn to enhance the 
adhesion, the thickness of the insert material 3 is preferably selected within the range of 1 5 to 50 with an emphasis 
placed on the reduction of the absolute amount 

The reason why the butted portion is heated by the induction heating process using the induction heating coil 5 in 
so the method of the present invention is that the annular portion including the butted portion 2 can be concentratedly and 
rapidly heated in a narrow range, and that because of the heating not by heat transfer, the heating can be performed at 
a speed much more rapidly than that at which the above-mentioned concentration is relieved with time by the heat dif- 
fusion in the pipe axial direction. 

In performing the induction heating, the higher the frequency is used, the more rapidly the temperature can be 
35 raised in a shallow place near the surface. On the contrary, the lower the frequency is used, the more slowly the tem- 
perature can be raised in a deep place up to the back side. Therefore, the frequency to be used is preferably selected 
as appropriate according to the pipe wall thickness and a desired temperature rise speed. Usually, a frequency within 
a range of 5 to 50 kHz is preferably used. 

The length in the pipe axial direction of the annular heating portion (the width of the induction heating coil 5) is pref- 
40 erable to be as narrow as possible to form a steep temperature gradient in the pipe axial direction and prevent an 
expanded pipe deformation, and the upper limit thereof should be five times as thick as the pipe wall thickness, prefer- 
ably three times or less. On the other hand, in view of the facility economy to obtain a required heating rate, the practical 
lower limit of the heating length is same as the pipe wall thickness. 

FIG. 5 is a graph showing with time temperature of the outer pipe face of the butted portion 2 and the applied pres- 
45 sure by the clamps 4, 4 in the bonding method according to the present invention. A curve 12 in the graph is the tem- 
perature of outer pipe face of the butted portion 2. After the butted portion 2 is raised in temperature until a 
predetermined temperature H suitable for the liquid phase diffusion bonding is reached, the temperature is substantially 
maintained. 

It is preferable that the heating rate of the induction heating is as large as possible to raise the temperature in the 
so annular heating portion over the equal heating trend in the pipe axial direction and to obtain a steep temperature gradi- 
ent in the pipe axial direction with the annular heating portion taken as a peak point and usually, the speed is selected 
to be 20°C/sec or more. On the other hand, the practical upper limit thereof is 100°C/sec in view of facility economy. In 
this manner, the annular heating within a narrow range is performed rapidly by the induction heating process, whereby 
the outer pipe face temperature distribution on the butted portion 2 is changed as shown in the order of curve 7, curve 
55 8, followed by curve 9 in FIG. 4, thereby allowing a steep temperature gracfient in the pipe axial direction to be devel- 
oped. 

However, the steep temperature gradient thus developed is equalized in heat soon after the temperature rising 
process is finished and the temperature holding step is reached, and thus the temperatur gradient becomes gentle as 
shown by curve 10 in FIG. 4. Thus, the present invented method is characterized in that a compressing operation of 
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applying a large compression force P required to effect an increased thickness is started within the temperature rising 
process of keeping a steep temperature gradient (curve 9 in FIG. 4), particularly after the temperature of the butted por- 
tion 2 becomes the A 1 critical point or more (at time Tj) and before the holding temperature H (at time T£ is reached. 
The operation is finished in a short time. Although in FIG. 5, the heating rate (gradient of curve 12) within the tempera- 

5 ture rising process is made constant, the speed may vary as far as a steep temperature gracfient is developed in the 
pipe axial direction when the compressing operation is performed. 

In the present invention, as described above, the compressing operation for increasing the thickness of the butted 
portion 2 is performed after the pipes are heated to the A 1 critical point or more. This purpose is to plastically deform 
the butted portion 2 in an easy-to-plastic deformation state. Generally, the A 1 critical point of steel material is about 

10 600°C, and the holding temperature H is 1 100 to 1300°C higher than the melting point of the insert material (about 
1000°C). Therefore, in the case where steel pipes are bonded, the compressing operation is started at a temperature 
not less than 600°C and not more than the holding temperature H (1 100 to 1300°C). The liquid phase diffusion bonding 
process is a bonding method by the constant temperature solidification associated with the diffusion of the insert mate- 
rial 3, so that the diffusion bonding phenomenon proceeds remarkably at not less than the melting point of the insert 

is material 3, and the smaller the insert material 3 to be diffused is applied, the shorter in time the bonding is completed. 
Therefore, the compressing operation after the insert material 3 is melted allows the insert material 3 in a liquid state 
not required for bonding to be discharged from the bonded face. Hence, it is preferable that the compressing operation 
in the present invention is performed at not less than the melting point of the insert material 3. The higher the temper- 
ature of the pipe surface is, the smaller the compression force required to increase the thickness of the butted portion 

20 2 is required, so that it is preferable that the temperature at which the compressing operation is started is higher as far 
as a steep temperature gradient in the pipe axial direction is maintained. 

The temperature distribution in the butted portion 2 of pipes in compressing is preferably as steep a temperature 
gradient as possfole. The present inventors confirmed that a temperature distribution makes it possible to perform a 
desirable thickness increase, in which a temperature difference of 400 to 600°C exists between the bonded face of the 

25 butted portion 2 and the pipe body located away by four times as thick as the pipe wall thickness from the portion in the 
pipe axial direction. Therefore, the compressing operation is preferably performed in a state that the temperature differ- 
ence is 400 to 600°C. It is also confirmed that this condition can be achieved by setting the heating coil width and the 
heating rate within the above-mentioned range, that is, at a value not more than five times the pipe wall thickness and 
a value not less than 20°C/second, respectively. 

30 The compression time required to achieve a desired thickness increase ratio depends on the plastic deformation 
resistance and the compression force. A longer compression time theoretically allows the thickness increase to be per- 
formed with a smaller compression force. However, a longer time for thickness increasing operation causes a broad- 
brimmed deformation even when a steep temperature gradient in the pipe axial direction exists. On the contrary, when 
a large compression force is applied to perform the thickness increase processing in a short time, the compression 

35 force acts concentratedly on the narrow region of the highest temperature portion, whereby the region is increased in 
thickness and deformed without a buckling. Therefore, in the present invention, a large compression force P is applied 
in a short time to finish the thickness increasing in a short time. The upper limit of the above-mentioned time is prefer- 
ably within 3 seconds in view of the results of the plastic deformation in the butted portion 2. A too short time is not the 
best way with respect to facility technology, so that about 0.1 second is the practical lower limit Therefore, the time 

40 period for the compressing operation is preferably set at 0. 1 to 3 seconds. 

The compression force applied in the above-mentioned temperature raising period is preferably selected in such a 
manner as to obtain a desired thickness increase ratio within above-mentioned time period. For example, in the case 
where the present invention is applied to steel pipes, at not less than the melting point of the insert material 3, a com- 
pression force of 15 to 100 MPa corresponding to the temperature is applied, whereby an increased thickness of not 

45 less than 1 0% on the butted portion can be obtained with an expansion in pipe inside diameter hardly involved (at an 
inside diameter expansion ratio of 1% or less, that is, an inside diameter reduction ratio of -1% or more). 

The applied pressure force may be adjusted according to the plastic deformation resistance and temperature of a 
pipe material and the applied pressure time. Usually, with 15 MPa or more, an increased thickness of 10% or more is 
obtained without involving an expansion in pipe inside diameter. When the pressure force more than 100 MPa is 

so applied, the thickness may be increased unnecessarily, or an undesirable shape, for example, a sharply-protruded 
increased thickness shape may be formed. Then, the bonded portion becomes a stress concentration place and also 
a breakage starting point when in use. Also in this case, a new problem develops that a grinding scraping amount 
increases. Further, in view of practical facility economy, it is preferable that the upper limit of the applied pressure force 
is 100 MPa. 

55 As described above, in the present invention, after the temperature of the butted portion 2 reaches the A 1 critical 
point or more, a compression force is applied to increase the thickness. Alternatively, it may be also considered that the 
thickness can be increased without the broad-brimmed shape by a compression force applied from the initial step of 
rising temperatur to rapidly rise the pipe in that state (that is, in a pressure applying state). However, it was found that 
this method expands plastically deformaWe region to the pipe axial direction as the temperature increases. As the 
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result the pipe is apt to change in expansion trend as shown in FIG. 1 before the thickness increase occurs, so that an 
increase in inside diameter is hardly restrained. Also, the continuous application of the compression force from the time 
of a low temperatur when the compression deformation is hardly developed is wasteful in energy consumption and 
thus undesirable. For this reason, the present invention employs the compressing operati n in a short time after the A 1 
5 critical point. 

In the present invention, as descrbed above, the thickness increase processing is performed on the butted portion 
to be bonded through the liquid phase diffusion with an expansion in pipe inside diameter hardly involved. Here, an inti- 
mate contact between end faces to be butted to each other must be maintained before and after the thickness increase 
processing. A means for such purpose is recommended in which a slight pressure of a substantially-constant steady 

w pressure (initial load) P 0 is applied in the pipe axial direction during the liquid phase diffusion period (between time T 0 
and T 3 ), as shown in FIG. 5. This is because the butting by position control is difficult to follow a disturbance with respect 
to the mutual end face contact state, such as the generation and increase in a butting interference margin due to ther- 
mal expansion, or the reduction and loss in a interference margin associated with a hot yield in the butted portion; while 
the butting with a slight pressure allows the contact state by a suitable pressure (steady pressure Pq) to be steadily con- 

75 tinued even if the above-mentioned disturbance occurs. 

The above-mentioned slight pressure application may be changed appropriately according to a change in temper- 
ature, while it is simple and easy that a constant pressure is applied from start to finish. In either case, in order to estab- 
lish a positive contact, it is desirable that a pressure of 1 MPa or more is applied, and that in a high-temperature region, 
a pressure of 10 MPa or less is applied so as not to develop an undesirable plastic deformation. 

20 In the present invention, a means for applying pressure in the pipe axial direction is arbitrary. For example, as 
shown in FIG. 3, the pressure can be applied by a system in which the clamps 4, 4 holding the pipes 1 , 1 to be bonded 
are engaged with a hydraulic mechanism to be acted in such a direction that the distance therebetween is reduced. 
Such system can be automated by a construction in which the temperature of the heating portion is measured by a ther- 
mocouple or a radiation thermometer, and the measured results are reflected on the applied pressure force. 

25 In the method of the present invention which employs a liquid phase diffusion bonding process with pipe ends 
butted against each other, the butted portion is heated by the induction heating process in which the heating length in 
the pipe axial direction and the heating rate is limited, as described above. In the temperature rising process in which a 
steep temperature gradient with the butted portion taken as a peak point exists continuously, a compression in the pipe 
axial direction is performed in a short time to allow the butted portion to be plastically deformed, whereby an increased 

30 thickness without an expanded pipe in a broad-brimmed shape is developed on the butted portion. 

Such increased thickness can be realized by the above-mentioned temperature gradient forming measures in 
which the restraint in the pipe diameter direction by the adjacent portion to the vicinity of the butted portion is not made 
ambiguous in the pipe axial direction but exerted sharply. The butting liquid phase diffusion bonding process which is a 
subject of the present invention, is required to perform the compressing operation under a state that a steep tempera- 

35 ture gradient once developed is not relieved and vanished with time. Further, the thickness is increased within a process 
of bonding the pipe ends to each other, that is, under a state that the selection of various conditions is limited. In addi- 
tion, it is necessary to meet demands of coping with issues on mismatch and joint strength. Under such precondition, 
first, the invention takes the compressing operation within the temperature rising process as an essential condition. Fur- 
ther, by means for applying the pressure only in a short time, the compressing operation is finished during one frame 

40 when the shift of the above-mentioned steep temperature gradient to a high-temperature side is likely to stop as one 
stopped frame, whereby the thickness increase without expansion to a broad-brimmed shape can be brought to the 
butted portion only by applying a specified force required for plastic deformation. That is, the thickness increasing oper- 
ation in the present invention is composed in combination with the temperature distribution associated with heating and 
a pressure application timing synchronized with the temperature distribution, thereby solving the problems with the 

45 present invention. 

In the case where at least one of the outer lace and inner face of the pipe end is previously beveled by an amount 
substantially corresponding to the amount of an increased thickness to be obtained, and then the above-mentioned 
bonding is performed, the postprocess of scraping the increased thickness portion can be omitted, or the amount of 
scraping can be reduced. 

so When a material to be bonded is heated to be raised in temperature and held in a sealed gas to prevent the oxida- 
tion of the material, a good effect is also obtained. 



55 



[Embodi 

jteel pipes (material JIS, SGP; size 200A x 5.5 mm 1 ) are used; and as an insert material, 
; material (thickness 25 pm) having a melting point 1080°C is used. As shown in FIG. 3, 
ffe clamps 4, 4, and in a state that the insert material 3 is interposed between pipe ends, the 
I to contact intimately with each other, and disposed around the butted portion is the induction 
heating coil 5 (width 10 mm, that is, 1.8 times the pipe wall thickness t; frequency 15 kHz). A distance L between the 
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clamps 4 and 4 at this time is 200 mm. The clamps 4, 4 are connected with a hydraulic mechanism (not shown) capable 
of exerting a required compression force therebetween. Further, in order to measure the temperature of the pipe, ther- 
mocouples are arranged to point A away 2 mm from the pipe end, point B away two times the pipe wall thickness t, point 
C away four times, point D away six times, and point E away twelve times. 

5 A steady pressure P 0 of 5 MPa was applied to the pipes 1 . 1 by the clamps 4, 4. The induction heating coil 5 was 
energized to heat the butted portion 2 in such a manner that the temperature of point A was raised at a rate 30°C/sec- 
ond. And midway through the heating, at a time when the temperature of point A reached 1200°C, the compression 
force P of 20 MPa was applied only for 2 seconds while continuing the temperature rise, and then the pressure was 
returned again to the initial state, that is, the steady pressure P 0 of 5 MPa At a time when the temperature of point A 

7a on the butted portion 2 reached 1 250°C, the temperature rise was stopped, and the temperature was kept for 2 minutes 
to perform the diffusion bonding. As a result, as shown in FIG. 6, an increased thickness was formed such that the 
butted portion 2 had no broad-brimmed trend and swelled to its outside diameter and inside diameter sides, whereby a 
good bonding was obtained. The thickness increase ratio in this case wa&iH)%~Zh£temperature distribution at a time 
when the compression force P was applied was as shown by cuiva£lfnFlG. 7 inwftteh the temperature at point C 

15 away four times the pipe wall thickness is lowered sharply. When a/Ni-base armophous metallic material (melting point 
1040°C) was used as the insert material, substantially the same results as above were obtejned. 



[Embodiment 2] 

20 The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1, and bonding was per- 
formed in the same condition as in embodiment 1 except that the heating rate was set at 20°C/second by adjusting the 
power source output As a result, an increased thickness (60%) was formed with a slight expansion of diameter (<1%) 
on the inside diameter side of the butted portion. The temperature distribution in this embodiment was as shown by 
curve 22 in FIG. 7. 

25 

[Embodiment 3] 

The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1, and bonding was per- 
formed in the same condition as in Embodiment 1 except that the heating rate was set at 40°C/second by adjusting the 
30 power source output. As a result, an increased thickness (60%) was formed such that the butted portion 2 had no 
broad-brimmed expansion and swelled to its outside cfameter and inside diameter sides. 

[Comparison Example 1] 

35 The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1 , and bonding was per- 
formed in the same condition as in Embodiment 1 except that the heating rate was set at 1 0°C/second by adjusting the 
power source output. As a result as shown in FIG. 1, formed in the butted portion 2 was a deformation with a large 
broad-brimmed trend, that is, expanded diameter on both the inside and outside faces (inside diameter expansion ratio 
3% or more), so that an increased thickness was hardly developed. The temperature distribution in this example was 

ao as shown by curve 23 in FIG. 7, in which the temperature gradient was significantly gentle. 

[Comparison Example 2] 

The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1 , then the temperature was 
45 raised at the same heating rate, and then bonding was performed in the same condition as in Embodiment 1 except that 
10 seconds after the temperature reached 1250°C, the compression force P of 15 MPa was applied only for 2 seconds. 
Also in this case, as shown in FIG. 1, formed in the butted portion 2 was a deformation with a large broad-brimmed 
trend, that is, expanded diameter on both the inside and outside faces (inside diameter expansion ratio 3% or more), so 
that an increased thickness was hardly developed. The temperature distribution in this case was as shown by curve 24 
so in FIG. 7, in which the temperature gradient was significantly gentle. 

[Comparison Example 3] 

The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1, then in a state that the 
55 compression force P of 20 MPa was applied from the beginning, the induction heating coil 5 was energized to heat the 
butted portion 2 in such a manner that the temperatur of point A was raised at a rate 30°C/second. And midway 
through the heating, at a time when the temperature of point A approached 1200°C, the swell in the butted portion 2 
became large, so that the large compressing was stopped, and the pressure was lowered to the steady pressure P 0 of 
5 Mpa. Then the liquid phase diffusion bonding was performed in the same condition as in Embodiment 1 . In this case, 
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although the inside diameter of the butted portion 2 was increased by about 4%, an increased thickness by about 1 0% 

was developed in the portion. 

The embodying conditions and results with the above embodiments (ex.) 1 through 3, Comparison Examples 

(com.) 1 through 3, and the conventional example prior are collectively shown in tables 1 and 2. 
5 As apparent from table 1 , in Comparison Examples 1 , 2 and the conv ntional example, the butted portion 2 has a 

large broad-brimmed trend and an increased thickness is not considerably developed, while in Embodiments 1 through 

3, an expansion in inside diameter is hardly developed and an increased thickness is developed. Also, as apparent from 

FIG. 7, in Embodiments 1 , 2, a steeper temperature gradient is developed compared with Comparison Examples 1, 2. 

Particularly, a large temperature difference between the bonded portion (point A) and point C away four times the pipe 
10 wall thickness is developed, and this temperature difference is considered to serve to restrain the broad-brimmed 

expansion in the butted portion 2. The larger the heating rate is, the steeper the temperature gradient becomes, and the 

broad-brimmed trend disappears. In Comparison Example 3, though an increased thickness is developed, the inside 

diameter expansion ratio is large. 

As apparent from table 2, in Embodiments 1,2,3 and Comparison Examples 1 , 2, a higher joint strength than the 
is base metal strength was obtained in the tensile test, while in Comparison Example 1, a crack was developed in the 

reverse side bend test In Comparison Example 3, the joint strength is lower than the base metal strength in the tensile 

test, and a crack was developed in the bend test. In the conventional example, the joint strength is higher than the base 

metal strength in the tensile test, and a break was developed in the bend test 

20 [Embodiments 4 through 1 3] 

The same pipes as in Embodiment 1 were set in the same manner as in Embodiment 1 , and bonding experiment 
was performed by changing the heating length (width of the induction heating coil 5), the compression start tempera- 
ture, the compression force and the like. Table 3 shows the embodying conditions and results in Embodiments 4 
25 through 13. 

In Embodiments 4, 6, 9, 10, 11 , 12, as shown in FIG. 8, an increased thickness shape was obtained such that the 
inside diameter expansion ratio is 0.3% or less. As apparent from Embodiment 1 in table 1 , and Embodiments 4, 5 in 
table 3, for the heating length 1 0 mm (1 .8 times the pipe wall thickness) and 1 5 mm (2.7 times the pipe wall thickness), 
only an increased thickness is developed without broad-brimmed expansion, while for the heating length 25 mm (4.5 

30 times the pipe wall thickness), a broad-brimmed expansion is somewhat developed. Therefore, it is considered that a 
shorter heating length is preferable, and the length made about three times or less the pipe wall thickness is better to 
avoid the broad-brimmed expansion. Also as apparent from Embodiments 6 through 1 3, the shorter the pressure appli- 
cation time, the smaller the broad-brimmed expansion is. Therefore, the compression in a short time of 3 seconds or 
less is very effective to prevent the broad-brimmed expansion. Although the compression start temperature, any of 

as 900°C, 1000°C, 1200°C allows the thickness increase with a small broad-brimmed expansion to be performed, as 
higher the temperature is, with the smaller compression force and the shorter time, the compressing operation can be 
performed, and in addition, the broad-brimmed expansion is hardly developed. Therefore, it is understood that the com- 
pressing operation at a higher temperature and in a shorter time is suitable. 

Although the above-mentioned embodiments describe the bonding of steel pipes, they are not limited to the steel 

40 pipes. 

Industrial Applicability 

As apparent from the above description, the present invention is constructed such that when the pipe ends are 
45 butted against each other to be bonded by the liquid phase diffusion bonding process, the compression force is applied 
in the pipe axial direction at a temperature not less than the A 1 critical point and not more than the holding temperature 
in a short time in the process of raising the temperature of the butted portion to effect the plastic deformation, and the 
present invention utilizes the induction heating process to more rapidly raise the temperature of a narrow region than 
prior art whereby in a state that a steep temperature gradient is developed in the pipe axial direction, the narrow region 
so of the butted portion is compressed to perform the thickness increase. This allows an increased thickness bonded por- 
tion with a negligible broad-brimmed expansion to be formed, for example, in which the thickness increase ratio is 1 0% 
or more, the inside diameter reduction ratio is -1% or more, that is, the inside diameter expansion ratio is 1% or less 
(including 0%), or a bonded portion whose inside diameter is reduced can be formed. Hence, the following effects can 
be obtained: 

55 

® The bonded face at the pipe ends are processed for thickness increase, so that the accuracy for the contact 
between the faces is improved, and the contact area is increased. This allows the reliability improvement including 
the mismatch prevention with respect to the pipe joint portion to be improved. 

@ The inside diameter of the bonded portion is hardly increased, so that the scraping/finishing of the outer face 
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can be performed without lowering the strength. This allows the commodity value to be improved. 

@ The mismatch adjusting work can be omitted without substantially involving an increased load on work, and the 

noneffective rate in the joint execution is significantly increased, thereby improving the workability. * 
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Claims 

1 . A bonded pipe produced by a process in which a pip end of a pipe is butted against a pipe end of another pipe to 
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be bonded thereto with an insert material interposed, lower in melting point than the pipe material, and the butted 
portion is heated to and held at a temperature higher than the melting point of the insert material, whereby the 
insert material is diffused in liquid phase into the pipe material to bond the pipe ends to each other, characterized 
in that the thickness of the butted portion is increased in such a manner that the outside diameter of th butted por- 
5 tion is expanded and the inside diameter thereof is reduced. 

2. A bonded pipe produced by a process in which a pipe end of a pipe is butted against a pipe end of another pipe to 
be bonded thereto with an insert material interposed, lower in melting point than the pipe material, and the butted 
portion is heated to and held at a temperature higher than the melting point of the insert material, whereby the 

10 insert material is diffused in liquid phase into the pipe material to bond the pipe ends to each other, characterized 
in that the thickness increase ratio of the butted portion is 10% or more, the inside diameter reduction ratio thereof 
is -1% or more. 

3. A method for bonding pipes in which a pipe end of a pipe is butted against a pipe end of another pipe with an insert 
15 material interposed, lower in melting point than the pipe material, and the butted portion is heated to and held at a 

holding temperature higher than the melting point of the insert material, whereby the insert material is diffused in 
liquid phase into the pipe material, characterized in that at the time point when the outer pipe face temperature of 
said butted portion reaches a value which is not less than the A 1 critical temperature of the pipe material and not 
more than said holding temperature of the pipe material in the process for raising the temperature of the pipe mate- 
20 rial, the application of a pressure in the pipe axial direction capable of plastically deforming the butted portion to 
said portion is started to make the butted portion thick. 

4. A method for bonding pipes in which a pipe end of a pipe is butted against a pipe end of another pipe with an insert 
material interposed, lower in melting point than the pipe material, and the butted portion is heated to and held at a 

25 holding temperature higher than the melting point of the insert material, whereby the insert material is diffused in 
liquid phase into the pipe material, characterized by comprising steps of beveling at least one of the outer face and 
inner face of the pipe end, and of starting the application of a pressure in the pipe axial cfirection capable of plasti- 
cally deforming the butted portion to said portion at the time point when the outer pipe face temperature of said 
butted portion reaches a value which is not less than the A 1 critical temperature of the pipe material and not more 

30 than said holding temperature of the pipe material in the process for raising the temperature of the pipe material, 
so as to increase the thickness of the butted portion. 

5. A bonding method as described in claim 3 or 4, characterized in that the heating length in the pipe axial cfirection 
of said butted portion is one to five times the pipe wall thickness. 

35 

6. A bonding method as described in one of claims 3 to 5, characterized in that the heating rate in the temperature 
rise process of said butted portion is 20 to 100°C/second. 

7. A bonding method as described in one of claims 3 to 6, characterized in that said applied pressure is 15 to 100 
40 MPa. 

8. A bonding method as described in one of claims 3 to 7, characterized in that said pressure application is performed 
for 0.1 to 3 seconds. 

45 9. A bonding method as described in one of claims 3 to 8, characterized in that a pressure force of 1 to 10 MPa is 
applied to said butted portion in the pipe axial direction in the temperature rising process before and after said pres- 
sure application and in the temperature holding process. 

10. A bonding method as described in one of claims 3 to 9. characterized in that the heating to said butted portion is 
so performed by the induction heating process. 

11. A bonding method as descrbed in claim 10, characterized in that the heating by said induction heating process 
employs a frequency of 5 to 50 Hz. 

55 12. A bonding method as described in one of claims 3 to 1 1 , characterized in that said pressure application is started 
at a time when the outer pipe face temperatur reaches a value not less than the melting point of the insert material 
and not more than the holding temperature of the pipe material. 

1 3. A bonding method as descrbed in one of claims 3 to 1 2, characterized in that the wall thickness of the pipe material 
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is increased by 10% or more. 
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FIG. 1 

PRIOR ART 




15 



EP0769344A1 



G. 2 

RIOR ART 




16 



EP0769344A1 



FIG. 3 




17 



EP0769344A1 



FIG. 4 
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FIG. 5 
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FIG. 6 
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